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THE MANGANESE SITUATION FROM A DOMESTIC STANDPOINT

By J. W. Furness

The purpose of this circular is to show the degree of dependence of the
United States upon foreign sources for the manganese required by its industries.

Properties.

Manganese belongs to that group of elements which includes iron,
manganese, cobalt, and nickel. It is never found in the metallic state in
nature, but generally occurs as oxide, silicate, or carbonate. Manganese is a
crystalline, brittle metal, silvery white or grayish-white in color with a
reddish luster. Its specific gravity is between 7.13 and 8.; atomic weight,
54.6; melting point, 12300 C.; boiling point, 19000 C.; electrical conductivity
as compared with silver, 1 to 50.5. Its chemical properties are similar to
those of iron. To a sodium carbonate bead in an oxidizing flame, manganese
imparts a characteristic blueish green color; to a borax bead in an oxidizing
flame it gives a purplish or amethystine color.

Manranese minerals.

Manganese occurs in nature in a great many combinations with various
metals. The chief manganese minerals are described below.

Pyrolusite, also called peroxide, is the dioxide (MnO2), and constitutes
the chief ore of commerce; when pure it. contains 63.63 per cent manganese and
36.36 per cent oxygen. Its specific gravity is 4.73 to 4.86; hardness, 2 to
2.5; color, gray of steel, or black of iron. Usually the mineral is combined
with small quantities of silica, lime, iron and barite. It sometimes is found
in powdered form and in small grains, but more often is massive.

Psilomelane, the hydrated, boxide, has a variable composition. The
approximate formula is 4A1aO +- MnO +. n H20. The content of metallic manganese
ranges from 45 to 60 per cent. It is often associated with small quantities of
barite and potash. Its specific gravity is 3.7 to 4.7; hardness, 5 to 6. Its
color is black.
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Braunite, the sesquioxide of manganese (Mn2O3), is often associated
with small proportions of silica. Its specific gravity ranges from 4.75 to
4.82; hardness 6 to 6.5; content of metallic manganese 64.3 per cent.

Manganite, the hydrated sesquioxide (Mn203H20), has a specific gravity
of 4.2 to 4.4. Its ha.rngess is 4; content of metallic manganese 62.5 per cent.
It is brown in color and very friable.

Hausmannite, oxide of manganese (Mn0.Mn203), has. a specific gravity of
.4.-73 to 4.86; its hardness is 5 to 5.6; content of metallic manganese 72.1 per
cent. It is brownish-black in color.

Wad, which is composed of oxides and hydrates in variable proportions,
is an impure manganese oxide that grades into psilomelane. Its.specific gravity
is 3 to 4.3; hardness 1 to 6; content of metallic manganese, variable. It
usually contains a-high'percentage of water, sometimes as much as 20 per cent.
Its color is black or brown.

Rhodochrosite, carbonate of manganese (MnC0 3).has a specific gravity of
3.45 to 3.6; its hardness is 3.5 to 4.5; content of metallic manganese 47.86
per cent. Its.color ranges from light rose .to dark-rose.

Rhodonite, silicate of ganganese (MnSiO3 ), has a specific gravity of 3.4
to 3.68; its.hardness is 5.5 to 6.5; content-. of metallic manganese 4.86. per cent.
It is rose colored.

Bementite, hydrosilicahte of manganese, (2 MniSi03 . H2 0) has a specific
gravity of 2.9. It is a dark pink in color.

Franklinite is a mineral containing iron, zinc and manganese; its color
is black and it resembles magnetite. Theonly important occurrence is near

Franklin Furnace, 17. J.

Of all the minerals of maenganese the only ones that have any merchant-
able value are the oxides and the carbonates. Small amounts of the silicates
are used in the manufacture of silicomanganesoe and. ilicospiegel.

In addition to the' inerals mentioned, a great number of the minerals of

iron, notably the hematites, contain manganese, and. are Inown as manganiferous
iron ores and ferruginous manganese ores. l!

Manganese Deposits

With the exception of a negligible quantity, -vi#tHally all the manganese
minerals that are mined are oxides. With minor exceptions, the deposits of these
minerals are of the sedimentary or residual types-.

1/ escriptions of the various combinations of manganese or other minerals may
be found in Bulletin 427, U. S. Geol. Survey, Manganese Deposits of the
United States, by Edmund C. Harder, pp. 224 - 242.

2619



rMetallu rgr

Pyrometallurgy is now the only practical method in vogue for extracting
manganese from its ores. As manganese is highly volatile at the temperature
required to reduce it to the metallic state, smelting losses are extremely high,
and materially increase the cost of the reduced metal. To produce metallic
manganese the ore must be smelted at a high temperature and a strong reducing
action maintained. As this method reduces any iron in the ore, the resultant
metal is an alloy of manganese and.<iron. The Goldschmidt process, which is base:
upon thermit action, is notused to produce metallic manganese. In it pure
manganomanganic oxide mixed. with aluminum, is used. The powdered aluminum is
incorporated with the oxide and the mixture is brought to -the required tempera-
ture. The amount of aluminum used is based on the total oxygen content of the
purified manganese oxide, and is sufficient to produce sesquioxide of aluminum.
Other processes for the manufacture of metallic manganese are the J. T. Jones
(U. S. patents 1288422 andl289799), and the Sternberg & Deutsch (English patent
13177).

Metallic manganese may be produced by hydrometallurgy based upon the
reduction of the oxides to chlorides or. sulphates. The resultant product is
Mn203,which may be reduced to Mn by the Goldschmidt process.

From the standpoint of producers the metallurgy of manganese may be
divided among three separate interests, as'follows: (1) Manufacture of manganese
steel; (2) the concentration of major manganese oxides for- the use in further
metallurgical manufacture, as a coloring agent in ceramic industry, in the manu-
facture of glass, and as a depolarizing agent in the manufacture of Leclanche'
cell; and (3) the use of manganese ore in the preparation of chemical compounds,
used in medicine, sanitation and elsewhere.

Uses

Upwards of 92 per cent of the manganese now utilized goes into the manu-
facture of steel. Under present practice, manganese is essential in the steel
industry, and no substitute for it is known. For many.of the minor uses of
manganese there are substitutes. Some of the uses of manganese are. as follows:

1. Alloys:
Ferromanganese (alloy of manganese and iron).
Spiegeleisen (alloy of manganese and iron).
Manganese steel (alloy of manganese and iron).
Silicospiegel (alloy of manganese, iron and silicon).
Manganese bronze (alloy of manganese and copper).
Silver bronze (alloy of manganese, aluminum, zinc and copper).
Alloys of manganese with aluminum, zinc and tin.

2. Oxidizers:
Dry batteries.
Leclanche' cell.
Decolorizer of glass.
Drier of varnishes and paints.
Preparation of oxygen on a.small scale.
Manufacture of disinfectants (manganates and permanganates).
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3. Coloring materials:
Coloring glass, pottery, tiles and bricks.
Calico printing and dyeing.
Paints (brown; green; violet).

Alloys

Five classes of manganese ore are utilized in the manufacture of iron
and steel: (1) Manganese ores, (2), manganiferous iron ores, (3), manganiferous
zinc residuum, (4) rhodochrosite and (5) small amounts of rhodonite. Fully 75
per cent of the consumption of manganese in steel manufacture may be attributed
to the production of the manganese-iron alloys, spiegeleisen and ferromanganese.

Ferromanganese is an alloy, of iron, carbon and manganese. The usual
specifications are. -

Per cent
Manganese ................ 78 - 82
Iron. ................ 8 -15
Silicon.......... ... 5 - 1
Carbon ................. 5 -- 7

Phosphorus..........*.. ... .10 -. 30

Sulphur ............... under .03

In the manufacture of ferromanganese virtually all of the iron and
phosphorus contained in the crade ore enters the resultant alloy. As usability
of the ore depends upon the ratio of.manganese to iron, ores high in iron can
not-be used in making ferro. The usual specification.of the trade is that
manganese ore must contain in excess of 47 per cent Mn.

Spiegeleisen is an alloy of iron, manganese and carbon, in which iron
greatly predominates. The usual. specifications are:

Per cent
Manganese ........ 18 - 22

Iron ...... 70"--80

Silicon ........ 1

Carbon. ............... 5.- 6
Phosphorus................ ..15
Sulphur ........... less than .05

These two alloys, ferromanganese and. spiegeleisen, are used in the
Bessemer and open-hearth.processes for acid and basic steel. Invariably, they
are added near the end of the process, and are charged directly into the furnace,
or added to the ladle, or (under the English practice) placed in the launder
through which the molten metal runs on being tapped from the furnace into the
casting ladle, or are actually placed in the casting ladle itself.

The chemical properties of manganese, which put it in a class by itself
in the manufacture of steel, are as follows: Preventing over-oxidation of the
steel by eliminating the oxygen in the bath (deoxidation); eliminating of sulphur
from the bath (desulphurization); retarding the formation of blowholes; rendering
the slag fluid; adding the requisite amount of manganese desired in the finished
steel; and recarbonizing the bath.
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Silicomanganese and silicospiegel replace ferromanganese and
spiegeleisen in fulfilling the trade demands for certain grades of steel. The
usual requirements, as to analysis, for these two alloys are:

Silicomanganese Per cent
Manganese.............55 - 70
Iron ....... 20- 5

Silicon about 25
Carbon ...... .35

Silicospiegel
Manganese ........... 20 - 50

Iron ... .. 67-43

Silicon ........... 4 - 10'

Carbon. ........... 1.5 - 3.5

Manganese steel. - The percentage of manganese in manganese. steel ranges
from 12 to 40 per cent. These variations are due to the wide differences in the
properties imparted to steel by slight changes of manganese content. Manganese
steels are hard without being brittle, and are malleable although difficult to
machine. Two classes of articles are manufactured from these steels: (1) Those
that must offer great resistance to abrasion, either by friction against smooth,
hard surfaces, or against hard, brittle and angular materials; and (2) those
that must resist strains due to shock accompanying abrasion. Articles now
commonly made of manganese steel are: Gears, pinions, sprockets, chains, dies,
liners, wearing plates, rolls and rollers, railroad frogs and switches, and the
crushing faces and digging parts of crushing and pulverizing machinery, such as
plates, dies, rollers, and stamp-mill shoes. For making some of these articles
manganese steel is practically the only alloy available, but for making others
it is no more desirable than some other alloys, such as those of chromium,
vanadium and tungsten, with which it must compete at current prices. 2/

Ferruginous manganese and manganiferous iron ores are used mainly in
the manufacture of low-grade manganese pig. Lesser amounts are used in the
direct manufacture of such products as manganiferous cast iron, suitable for the
manufacture of car wheels. Because of their desulphurizing properties these
ores are used in the manufacture of pig iron.

Oxidizers

The value of manganese ores when used as an oxidizer does not depend
upon the content of manganese, but upon the available oxygen. Pyrolusite is the
only common mineral of manganese containing a large amount of manganese dioxide.
Polianite contains a larger proportion of available oxygen than pyrolusite, but
because of its rarity it is not available in commerce. Pyrolusite, when abso-
lutely pure, contains 36.8 per cent oxygen, of which 18.4 per cent is available.

An article by S. R. Stone, "Manganese steel for machinery parts," which gives
in detail the uses to which manganese steel is applicable, was published in
Iron Age, vol. 91, p. 141, 1913.
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Several facto's determine the suitability of pyrolusite for dry cells,
such as the purity of the ore, and especially its content of iron, copper,
nickel, cobalt, arsenic and other metals electro-negative to zinc. A desirable
physical quality is porosity. Specifications usually call f.or an ore containing
at least 80 per cent 6f I nO2, (minimum available oxygen 14 per cent), less than
1 per cent of iron and less thai.0.5 per cent of copper, nickel or cobalt. Ores
with a mach lower content of available oxygen may be usable if they are porous
enough, as an example, the Philipsburg, (Montana) chemical ores. For use in the
manufacture of chlorine, a chemical ore should be free from impurities that are
soluble in the acid used for decomposing it. The presence of lime in the form
of carbonate is objectionable. Ores that contain an excess of 2 per cent of
this element are usually discarded. Ferrous compounds are objectionable.
Phosphorus is harmless in ores used for the production of chlorine.

Decolorizing of Glass

A green color that turns to brown with age is imparted to glass when
iron is present. Manganese dioxide removes this color; of necessity the ore
used must be low.in iron. The advantage of manganese dioxide over other oxidi-
zing agents is that manganese gives a pink tinge to the glass; as this pink is
complementary to the green imparted by iron, the two colors neutralize each
other and a whiter glass is produced.

Drier of varnishes and paints

Manganese borate, a compound produced by the interaction of boric acid
and a manganese salt; is used commercially as a paint drier. Ore required for
this use must be of relatively high grade.

As a disinfectant

Salts of sodi-um or potassium when combined with manganates yield sodium
or potassium permanganates. These- salts are powerful disinfectants. They are
germicidal because they are strong oxidizers. For many years in India a person
suspected of carrying cholera germs 'as given potassium permanganate.

In the United States, a considerable tonnage of low-grade manganese ore
containing a small amount of silver is utilized as a flux in smelting precious
metals.

Substitutes

For the minor uses of manganese many substitutes are available, although
no.satisfactory substitute has been found for manganese dioxide in the manu-
facture of dry cells.

In the manufacture of steel, as has been stated, no satisfactory sub-
stitute for manganese is known. In. Germany during the years 1917 and 1918, the
shortage of manganese necessitated 'trial of many substitutes, such as aluminum
in the form of silicon-aluminum alloys. Alumina 'does not act as a deoxidizer
and often remains in the steel as slag inclusions. Aluminum has a greater
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affinity for oxygen than manganese, but the oxidization of aluminum produces
alumina which is relatively infusible. Aluminum can not eliminate sulphur or
change the condition of sulphur as manganese can. A slight excess of aluminum
tends to produce large pipes in the ingots. Silicon in the form of ferrosilicon
probably has a greater affinity for o:rgen than manganese has, but its use is
attended by the following disadvantages: In slight excess it causes large pipes
to form in ingots; the products of oxidation remain in the steel; it has no
effect upon sulphur and no effect on the molecular disarrangement of the metal.
Carbon-free titanium in the form of ferrotitanium is the most powerful
deoxidizer known. Titanium does not alloy freely with iron and imparts to steel
qualities that are not acceptable to the trade. Calcium, sodium, vanadium and
boron alloys have been tried as deoxidizers, but homogeneous steel was not pro-
duced when they were used.

In 1925, 890,428 tons of high-grade manganese ore were utilized in the
United States. It is estimated that of this amount 47,000 tons supplied the
needs of all uses except the metallurgical. In other than metallurgical uses,
40,000 tons of chemical ore were used in the manufacture of dry cells; the rest,
7,000 tons satisfied the need of the chemical glass, brick, enamel, dye and
pigrent industries.

Consumption and Production

The world's consumption of manganese ores during 1925 was, in round
numbers, 2,570,000 tons. Imports into the United States were 615,000 tons.
Shipments of high-grade ore (35 per cent or more of manganese) from the mines in
the United States, some 42 in all, amounted to 98,324 long tons. Thus domestic
consumption amounted to 35 per cent of the world's production.

Percentage of world's production and consumption, 1925, by countries.
Country ProductionjConsumption

England 0.10 10.84
Germany 0.14 7.88
France 0.12 18.31
United States 3.89 35.20
Russia 31.77 2.92
India 23.89 1.56
Brazil 12.14 - - -
Gold Coast 12.84 - - -

Cuba 0.92 - - -
Norway - - - 7.78

85.81 84.49

The table showing production and consumption indicates how interdependent
the nations are for their supplies of manganese. Consumption, in this table,
signifies the amount necessary to satisfy the trades of each country and does
not include exports. If the manufacture of, we will say, ferromanganese, has
been established in any country and if the major part of the ferromanganese made
is exported to other countries, the industries of that country call for a cer-
tain amount of crude ore. The table above has been compiled to illustrate this
point.
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Production
Mananese are produced in the principal countries, 1921-1925, in

(Prepro1 by L. l. Jones, of the remu of pines)

Percent-
Country age of 1921 1922 1923 1924

marn-
___ __ ___ __ ___ __ __ ___ __ __ _a___ __ _

orth America: I j
Canada---------------------------
Costa Rica---------------37--44
Cuba-----------------------S-43
Mexico----------------------4O+

Jewfoundland---------------------
Panama>------------------- I 70+_
United States-

Continental exclusivee
of fluxin; ore)------ -- 5+

Porto Ficol------------ 35+
2outh erica:

Brazill---------------------39-50
Chi--------------------40-4S

Europe:
Austria--------------- -----
C zecho s lovakia----------- ---------

France---------------------30+
Germany------------------I 30+
Hungary.------------------ 30 .
Italy-------------------- ?0-50
Portugal----------------
Rumania---------------------42
Ruissia----------------------41-4s
Smain--------------------- 29+
Sweden-----------------------------
United iingdom-------------30+
Yugoslavia--------------- ------- -

Chinal --------------------
Dutch East Indies--------! 4-2
India----------2--------- ----- '-2
Japan------------------ 5+

Africa:
Algerial-----------------j -----

Egypt--------------------I--------
n old Coast--------------- 50+
Tuni ia---------------------42+
Union of South Africa----- 40-6o

Oceania:
Aus tralia-

Yew South Wales-----------------

Queensilan.----------------------
Victoria--------------------
South Australia--------j ------

Western Australia1 ---- I---------
New- Caledonia------------ ---------

DL
652

2,9301

13,749
(3)

275, 694
23

(7).
43, 541

3,519{
3,385

4,59

3,035
128 ,8
L20,0131

20
, .36522
1

25, 6271

090,1is)

31

1,293

7, 711!

2S7

3,5711

1, 6221
16

__4 200

65------- 530

(2) (2) (2)
4, 35'! 19, 0~6 25, 310

---- 2,246 (3)
-----------

(3) 406-------

1',619 32,006! 57,422

(3) 2,799 4,698

340,706 235,231 159,229
900 4, 207 4, 243

(7) (7) (7)
23, 557 42,043 79,133

5, 22i 5, 99 3, 620
,532 10,24) 3, 55L

----- 403 1, 217

4, 7?9 q,6 5~ 12,1,9
2Q9 (3) I K)

5.392. 12, 51 ,6,482

g-90, 7 9 2'J,28Z 500,693
25, 55 2E , 15 2','4)

2, 528 5, 203120,25
254 2,053 1 25,496

1, 02 15 4, 5 0

1, 0 21, 1I2 3 53 2

233 5247 2, r$2

42, 015 706, 210 815,294
4 , -. 4'4 .

651 406
104,143 ]32,3 ! 150,1
.7,1741,141, 27 1259,441

120 1, 153 3,220
1571 393 530

2, 436 2, 597 4,457
5s1 7---

152------------
649 171 321

18 22 20
~r1 _ ___ 4 - -

metric tons

1925

(2)
23,758

(3)

I

Y

1

(3)
1330,000

E, 55
454

1,183

1 Exports.
2 It is reported that no work has been done on the manganese deposits since 1920.

3 Data not available.

Exports for year ended June 30 of the year stated in heading of column.

5 Imports into the United States. Figures for production and exports not available.

Figures for 1923 represent manganese content of ore.
b Less than 1 ton.
7 Estimated manganese content of manganiferous iron ore produced was as follows:

1921, 13,345 tons; 1922, 19,947 tons; 1923, 24,033 tons; 1924, 15,007 tons; 1925,

21,327 tons.

8 Figures for the operating year ended Sept. 30.
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In the United States the production of manganese, except during a few
years prior to the advent of the Bessemer and open-hearth processes for making
steel, has never been able to satisfy the domestic demand. The occurrences of
manganese in this country are, broadly speaking, well known, and if the past
history of mining of this metal is taken to indicate the trend of the future,
the United States does not possess a supply that can meet its demands. Unless
methods are evolved for beneficiating low-grade manganiferous ores, this country
must remain dependent upon foreign sources as long as manganese is required in
the manufacture of steel. Mining of manganese in the United States began in
1832 at the Paddy Run mine,.Frederick County, Virginia, and during the first few
years of its operation some 5,000 tons of high-grade ore were shipped to England.
During the years 1885 to 1890 inclusive, the Crimora mine of Augusta County,
Virginia, supplied a large part of the needs of the Carnegie Steel Company.
Since 1890 the domestic production has ranged from a fraction of 1 per cent of
the domestic needs to some 32 per cent during the war years of 1917 and 1918.
The ores produced during these years were mixed with high-grade imported ores in
order to render them usable. Utilization of the domestic ores during that
period was-made possible only by modification of peace-time specifications.
Except for the chemical ores produced in the Philipsburg district of Montana,
the supply of high-grade metallurgical manganese ores in the United States is
meager.

2619



Manganese and manganiferous ore (exclusive of fluxing ore) shipped from mines in the
United States in 1925, by States, in gross tons.

Ore containing 35 per Ore containing 10 to Ore containing 5 to. 10
cent or more of manganese 35 per cent of manganese per cent of manganese

State Number Number Number
of Ship- Value of Ship- Value of Ship- Value

shippers ments shippers ments shippers ments

METALLURGICAL:
Alabama..........
Arizona..........
Arkansas........
Califc rnia...... .
Colo rado.........
Georgia..........
Massachusetts....
Michigan.........
Minnesota........
Montana..........
Nevada...........
New Mexico.......
North Carolina.. .
Tennessee........
Utah.............
Virginia.........
Washington...... .
Wis cons in........
Undist ribut ed... .

CHEMICAL:
Montana..........
Virginia.........

1/ Included under

2

3
4
3
1
8
1

2
2
1
1
3
1

938
294

3, 517
869
743

1,649
(1)

55, 659
850

1,588
(1)
352
50

1, 499
8,113

52

$12, 544
5,102

79,335
17,525

5,127
20,281
(1)

585,031
(1)
(1)
(1)
8,800
(1)

22,981
(1)

198,073

5

9

5
20

1
2

3

1
2

1
3
1

2989

5,076

7, 352
28, 038

(1)
98,753
77, 665

6,659
4o, 4

(1)
666

1,800

97

$ 3,087

23,140

26,565
133,215

(1).
(1).

1 4,121

(1)
153,251

(1).
5,754,

,(1).

386,183

5

-il

1

1

7, 349

741,1409

49

404,014
-- v.. -

$ 23,397

1,577,301

(1).

12198,705
38 76,173 954,799 53 267,252 915,316 11 j.,153,268 2,799,403

3 20,529 825,970 - - - - - - - - - - I
1 1,622 7,000 -- --- -- - _ ---- ___---

4 22,151

undistributed.

902,970
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Manganese and manganiferous ore (exclusive cf fluxing ore) shipped from mines
in the United States in 1924, by States, in gross tons.

Ore containing 35 per Ore containing 10 to Ore containing 5 to 10
cent or more of man anese 35 per cent of manganese per cent of manganese

State Number Number Number
of Ship- Value of Ship- Value of Ship- Value

shippers ments shippers ments shippers ments

METALLURGICAL :
Alabama............ 3 1,242 $24,954 9 611 $ 6,722 - - - - - -- - .
Arizona............. 1 42 798 --- --- ----

Arkansas........... 6 3,1400 60,350 6 7,991 37,170 - - - - - - - - - -

California......... 2 950 (1) - - - --- ----

Colorado............ .. 2 5,339 45,042 7 27,058 109,289 1 3,891 (1)
Georgia........... 8 1,093 18, 304 19 14,182 73, 6g4 6 6, 353 $ .16, 558
Michigan............'- - - - - -. - - - - 1 50,556 157,184 1 39,939 (1)
Minnesota..........- - - - - - - - - - 4 159,915 .439,132 3 361,527 970,351
Montana.........., .3 11,933 123,456 - - - - - - - - - - - - - - - - - - -

Nevada................3 1,310 13,579 3 2,591 15,997 - - - - - - - - -
New Mexico........ 2 775 (1) 2 23,246 (1) - - - - - - .- ... ... ...
Tennessee............2 . 455 ii,6ii - - -. -- . - .. .-. -- .. - - .- .- - - .. -. .
Utah...............- - - - - - - - - - 2 116 i,clo --- --

Virginia.......... 2 44o (1) 2 204 (1) - -- - - - - - - --- - - -- - -- -

Washington...........1 5,000 100,000 - - - - - - - - -- - - - - -- ----
Wisconsin .... - - - - - - - - - - - - j. - - - - - -- 1 175,316 606,593
Undistributed..... - - - - - - 39,920 - - - - - - 99,202 - - - - 120,441

35 31,878 441,014 55 j286,1470 929,390 12 57,026 1,713,943
CHEMICAL:

Montana............ 3 23,512 816,463 - - - - - - - - - - - - ----

Virginia...........__ 1 1,125 50,0o0 --- --- -.----- _ _ _ - --_

4 24,637 866,1463 - - - -- - --- - -- - --- - - - -

_ Included under t'Undistributed.It
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Sources

The major sources of the world may be.divided into three groups based
upon potential production: (1) Russia, India, Brazil, Gold Coast; (2)
Czechoslovakia, Chile, Cuba, Spain, China; and (3) those countries in which the
known deposits are of minor importance,.including the Sinai Peninsula, 3/
the United States, Germany, France, England, Canada, Panama, South Africa, Japan,
Costa Rica, Mexico, .-Newfoundland,' Austria, Italy, portugal, Rumania, Sweden,
Yugoslavia, Dutch East Indies, Algeria, Morocco (Fieench), Tunisia, New Caledonia,
and Australia.

The iiorld at present depends upon four great sources for its manganese:
Russia, India, Brazil and the Gold boast. In 1925, the world's production was
approximately 2,570,000 tons, of which Russia produced 32 per cent; India 24
per cent; Brazil 12 per cent and the Gold Coast 13 per cent.

Russia

Manganese occurs in many places in Russia. The developed deposits con-
sist of those of Nikopol in southeastern Russia, north of the Caucasus, and the
Tchiaturi deposit in the Province. o' Kutais, Republic of Georgia, south of the
Caucasus. The Nikopol deposits have been- estimated to contain upwards. of
10,000,000 tons of commercial high-grade ore. Prior 'to 194. they were of little
importance to the outside world, but for many years they had furnished the
domestic needs of Russia and small shipments had. been made' by rail to Germany.
During the latter part of 1924 these deposits were leased to German citizens
under a concession granted by the Soviet Government. The concessionaires claim
to have been able to supply the needs of Russia', the major part of the consump-
tion of Germany, and to have on hand in 1925 upwards of 270,000 tons of high-
grade ore for export.

The Tchiaturi deposit may be classed -as the largest single deposit now
known; it covers some 22 square miles and -estimates of the total commercial ore
range from 44,000,000 to 200,000,000 tons. The deposit lies 110 miles from
tidewater, and the principal port of shipment is Poti on the Black Sea, where an
artificial harbor has been constructed. As the bed is near the surface of a
plateau, it is exposed along the sides of six valleys cut..by the Kvirila River
and its branches.. As the valleys are 800 to 1,000 feet and the bed lies 500 to
700 feet above their floors the opening of mines is much facilitated. The thick-
ness of the seam or bed, where exposed, ranges from3 to 13 feet. Two grades of
ore are produced, washed and unwashed, or concentrated and crude. The manganese
content of the crude ore is 40 to.52 per cent; that of the washed ore produced
averages more than 50 per cent. The ore consists mainly of pyrolusite associated
with minor proportions of psilomelane and wad. For many years, this deposit was
the world's chief source of chemical ore. As the ratio'of iron to manganese is
low, the ore is very desirable for .the manufacture of ferromanganese, a fact that
offsets in part the fineness of the ore produced.; For several years before the
World War the Tchiaturi'deposit led the. world in shipments of* manganese. In 1900
it yielded 44 per cent, and in 1913, 41 per cent of the. World's total production.
Since the World War, except in 1925, India has led.

3/ A large producer of ferruginous manganese ore.
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Because of quality, quantity, accessibility, and cheapness of mining the
Tchiaturi deposit will be for many years one of the controlling factors in the
world's manganese situation.

From July, 1925, to December 31, 1925, the exports of manganese from the
Tchiaturi deposit were as follows:

Destination Metallurgical Chemical Total
United States....... . 120,070 - - - 120,070
Germany............. ... 5,856 2,264 8,120
France.............. 1,98 .- - -- 1,988
Italy............... . 13,474 15 13,489
Eng-land............... ___8_.023 104 8.127

14911 2,383 Jhl,794

India

India has large reserves of manganese. The number of known deposits
exceeds several hundred. At present some 50 to 75 deposits are contributing to
an annual output of roughly 660.000 tons. Nighty per cent of this production
comes from the Central Provinces. The largest deposit ir. that district is a
bed 45 to 50 feet thicl: which has been 'explored in length for a mile and three-
quarters, and has yielded more 'tiai 1,300,000 tons of 50 per cent ore. The
Geological Survey of India estimates that an annual production of 600,000 tons
may be maintained for upwards of '40 years. Psilomelane is the chief mineral,
but the ore contains small .proportions of pyrolusite and other manganese
minerals. The larger part of the Indian.ores is mined by the open case or
quarrying method. As the ores won by this method are exhausted underground
mining will have to be unidertaken. By far the largest proportion of the reserve
is in deposits that are sup-oosed to have been formed by the metamorphism of a
series of sediments. L. L. rermor of the Indian Survey estimates that the
depths of these deposits exceed 500 feet. Because of its higher cntent of iron,
Indian ore is not as desirable as Russian ore for making ferromang ese, but this
defect is partly offset by excellent structure and a low content of phosphorus.
The cost of production at the mine is comparable to that in Russia. On account
of the geographical position of the developed mines, transportation costs are
higher than for the Caucasus deposits. In 1925 the -quantity aid destination of
the exports were as follows:

To Tons

United Kingdom . . . . . . . 180,472
Germany. . . . . . . . . . . 30,258
Belgium. . . . . . . . . . . 175,334
France . . . . . . . . . . . 150,585
Italy. . . . . . . . . . . . 16,875
Japan. . . . . . . . .... . - - - -

United States. . . . . . . . 49,164
Other Countries.. . . . . 1,510

604,198
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Brazil

The princiPai source of manganese in Brazil is the Lafayette district
some 3CC nilbs north and we;t of Ri.o Janeiro. The largest developed group of
ce-osits there is ko-own as the Morro de Mina, and is estimated to contain upwards
of 9,000,000 tons. Many undeveloped deposits containing large amounts of high-
grade ore are at present inaccessible. There seems little question that some day
this area will supply a considerable part of the manganese the world will then
require. Under present conditions and needs the reserves of the developed
deposits have been estimated to contain more than 15,000,000 tons of commercial
ore. The ore carries 40 to 49 per cent of manganese. A high content of silica
renders Brazilian ore less satisfactory than. either uiussian or Indian ores for
the manufacture of ferromanganese. Of late the manganese content of the ore has
decreased and the proportions of silica and eluminum have corres-oandingly in-
creased. In the State of Bahia the deposits are of the residual type and consist
largely of nodules of pyrolusite and psilolnela~ie. In the Lafayette District the
ore is massive and is the result of the oxidation of manganese carbonates and
silicates. Mining costs are higher than in India or Russia. For 1925, the
quantity and destination of the exports were as follows:

.o Tons

Bolgium .10,185
United States . . . . . . 240,537
Great Britain . . . . 6,000

Holland. . . . . . . . . ..34,383
All others 1/ . . . . . 20,777

311882

/ Includes shipments from Bahia, for which the countries of
dev tination are not available.

Gold Coast

The G-old Coast is known to contain several deposits of manganese.
Except for the deposits found in what is known as the Dagin

Concessions, the deposits so far discovered lie some 300 miles from tidewater.
The only developed property is the Dagwin mine, in the Dagwin Concessions, 35
miles from tidewater, on the Sekondi Reilroad. This deposit, which was discovero
in 1914, is estimated to contain upwards of 10,000,000 tons of ore in place and

x,000,000 to 3,000,000 tons of detrital ore. The ore in place has been

developed to a depth of 240 feet below the outcrop; its grade and. quality are
comarable to those of Georgian washed ore. Shipments containing 50 to 52 per
cent of manganese, 2 to 4 per cent of iron, 3 tc 7 per cent of silica and 0.1

to 0.12 per cent of phosphonis have been made. The principal minerals are

psilomolane, pyrolusite and magnetite. Mining costs are comparable to those at

India or the Caucasus deposits. FuLrther development will no doubt greatly in-
crease the reserves and the deposit will probably be productive for many years.

Shipments in 1925 approximated^330,000 tons and those in 1926 were expected to

be larger. Data on the destination of shipment are not available. A consider-
able quantity goes to iorway where it is manufactured into ferro and is then

shipped to England and the United. States. Crude ore is shipped to Canada and

the United States also.
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Su 2ary

The United States, as the largest producer of steel, utilizes approxi-
mately 35 per cent of the world's annual output of high-grade manganese ores,
but in 1925, its contribution to that output was only 4 per cent. Because of
the political and commercial control of the great sources of manganese, the
domestic consumer has in the past been able to purchase his requirements in
what may be termed a buyer's market. The Russian deposits are politically and
commercially controlled by the Soviet Socialist Republic of Georgia; the Indian
deposits, politically and commercially by Great Britain; those of the Gold
Coast, politically by Great Britain and commercially by citizens of the United
States; those of Brazil, politically by the Brazilian Government and commercially,
in the main, by citizens of the United States.

Before the World War, the keen competition between the three great
sources then available, a combination of any two of which was able to supply the
world's demand, maintained a price that was only slightly in excess of the
actual cost of production. Since the War, with the development of the Gold
Coast and the potential development of Southwest Africa, the competition in
the world's market has been greatly increased. During the next few years, the
flow of manganese from its sources will probably vary from time to time with
modifications of commercial barriers and with political developments.
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Manganese production through 1925 and. reserves in the United States, in gross tons.

(The production figures in this table do not agree with the figures which appear in the standard tables of domestic production in the Mineral Resorrc.
chapters on manganese. The figures in the tables in the chapters are the totals reported to the U. S. Geological Survey since its organization, a c
earlier Federal agencies, and are -orobably minima for each State whereas the totals in this table aim to be maxima where the records are obscure.

Total production
through 1925 (in-
cluding fluxing ore Indicated total reasonably possible reserves of manganese ore of ferro grade (35 per cent or more of
and manganiferous manganese), at an index price of $50 a ton, by States.

State zinc residum).

Ore con- Ore con- Total num-
taining 35 training 5 to ber of Crde_ f Concentrate Total Recoverable mangane

jper cent or 35 per cent depositsI= 1__ _ _

more of of manganese examined Minimum Maximum Minimum Maximum Minimum Maximum Minimm u Maximum

___ ____K-i~mangae I_ _ ___e_ _K .-- _ - -. _ __ _
Alabama-------------
Ari zona--------------

Arkansas:
3atesville-------
Western-----------

Total Arkansas-

Californi a-----------
Coloradco-------------
Georgia--------------
Michigan------------
Minnesota----- ---

Montana:
Eutte, carbonate--
Batte, low-grade--
Philipsburg-------
O ther--------------

Total Montana--

Nevada---------------
New Jersey-----------
New Mexico-----------
Oregon---------------
Tennessee------------

3,615
45, 385

2, 668
38, 020

I ... ~Z4

95,637 92,322
334----------

95971 _--2e222
78,654
28,799

114,442
17

185, 369

423,000

608,797
27,059

235
11,422

500
14,649

359
3,088,078

147,165
(1)

5,14x, goo

----------
22, 253
10,044

1,i5791
J3,8_7o
461,5251

3,259, 212
237,283

--------- 2,1892

12
118

203
49

252

355
92

109

5
23 _

----- ----- 2, 800

59, 200 79, 2P9 ,000

16o,000
600

160 ,oo
97,700

141,600

210,000

211,000

157,700
241,600

112,000

f112 ,000

-g2so0

_____!- - -+

2
38
23
21
84

58
4,

61
41

134

70,500

186, 300
400

257 200

17,800

11,000
1,000
1,900

385,500

231,300
- 4oo

617, 200
27, 00

17,500
2,000
3, 900

73, 200
70,000

143,200

27,000

37,000

7,800
20 000_

152,000

152,000

195,800

2, 800
74 200

272,000
b00

272,600

97,700
141,600

80,800

7,800
99, 200

362,000
1,000

J63, 000
157,700
241,600

195,800

1, 300
3*3, 400

126,500
300

126,00

39,100
49,600
33,900

3,500
44, 600

168,300
500

6g,800

63,100
84, 6oo
82,200

~ z I -.-..- ___________ - I -

123, 200
140,000

263 ,200

50,000

55,000

70, 500
73, 200

256, 300
400

40 ,400
17,800

11,000
28,000
38,900

385,500
123, 200

371, 300
400

880,400

27,800

17,500
52,000

58,900

25,400
30,700

102, 500
150

158,750
7,100

4,400
11,200
14.800

138,800

51,700
148,500

150
339,150
11,100

7,000
20,800
22,400

- lb -

, , , , ,

-i - -,-i---I- ,

E - ----- _-'G

- -==-._ -7- __________
r

. _='S=r
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IManganee production through 1925 and reserves in the United States, in gross tons (Continued).

Utah----------------4----1,522 , ,414 5 9,000 12,000 --------- 9,000 12,000 4,050 5,400
Virginia--------------380,431 43,795 255 ---- ---- 293,500 993,500 293,500 993,500 123,300 417,300
Washington-----------13,28 393 16 16,900 41,900 ----- ----- 16,900 41,900 8,500 21,000

Wisconsin---------------(1) (1) 1 ---- ---------- ------

Other States 2 ---- 6,256 6,598 172 8,000 10,000 ----- ---- 8,000 10,000 3,360 4,200

Grand total---- 1, 44 12.. -, 5-4, 69 0-150 _ 7 1, 9goo 1, 421, 00 711,00 1,737 300 1,4 ,200 3,159,100 619, 518 1,295,150

Chemic al o re------- -_1 62 1254 9 860 86, 3CO 31, 300- --- ---- 186, 300 231, 300 74, 500 92, 500

Metallurgical ore---- 1J ''~0 ' ' X555,600 1,190,500 711,300 1,737,300 1,306,900 2,927,800 545,060 1,202,650

1 Figures of total production for Michigan and Wisconsin are not available. Available early figures cover the Lake Superior region.

2 "Other States" under high-grade production are Massachusetts, Missouri, North Carolina, Oklahoma, Pennsylvania, South Carolina, South Dakota, T

Vermont, West Virginia, and Wyoming; under. low-grade .production are Mississippi, North Carolina, South Carolina, Texas, and Vermont; under resec

of ferro grade are Idaho, Maryrland, New Jersey, North Carolina, Okiahoma, Texas, and Wyoming; and under reserves of spiegel and pig iron grade ae

Idaho, viissisippi, and Oklahoma.
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Ma nanese production through 1925 and reserves in the United States, in gross tons - Continued.

State

A].abama---------------
Lri zo-----------------

Arkansas:
Bat esvitie---------
Wes t- er-----------

Total Arkansas---

California------------
Coleorado--------------
Ceorgia---------------
ichigan-------------

Min;cso ta-------------

Montana:
Butte, carbonate---

lButte, lo-grade--
Philipsburg-------
0 ther-------------

To tal Montana----

Nevada---------------
New Jersey------------

I ew Mexico-----------
Oregon---------------

Tennessee------------

Indicated total reasonably possible reserves of ore of spiegel and pig grade (5 to 35 per cent of manganese), at an
index price of $50 a ton for ferro grade ores, by States.

Concentrate

Maximuocm

Total

Minimum

162, 200

Maximum

226, 200

- - - - -,-**-~-.------.-----.-.

Crde

Minimum Maximum Minimam

4 --I- ------*----
-- I

32,200l 56, 200 130, 000

S32, 200 { 56: 200 1 , 
S0O

50,000
1,403,200

606, 300
2 C)000

1 Coo

129, 600

391,g00

2,403,200

1,126,300
3 '2 731, 000 .

-----
-- 6 00

27,300
---

- - --s n

LQ01. LII ,hl0p
229,7 00 ---
----- 4 ,51,500

-- - 5,000

170,000

- -12 300

-----

65, 000

5,51",500

10,000

2619

Recoverable manga-
nese for spiegeleisen

Minimum Maximum

- --- - - - - --

32,'400

S16/,200 226,200 7 2,0

50,0 00 75,000 ----

1,403,200 2,403,200 350,300
27,300 112,300 5,600 

606, 300 1,126,300 3, g00
2 3 3 5 3, 0 0 0_92,i',000 1,20

40, 0000 65,00 12,000
1, 600 3, -. 300

4, C 00 6 6 00 12, 500
1297,=00 229, 300 15, 500

4, 51,500 5,51g,500 542,200
391,300 391,g00 62,700

5,000 10,000 1,250

45, 200

45 200

600, 00
22,600
7,200

1,246,300

19, 500
60o

Recoverable manga-

nese for manganese-
pig iron

Minimum

2,500

41,00
1,p,44, 400

Maximum

3,750

76,100
2 47-,<300

20,100 - - -------

27,500
662, 200
142,700

2,500

- 17 -

-

--
- -
---
--- ~~ -
----

--

------
-------
---

--- -z - -- -- I---
--- T-- -- -I- -- ,--

r

1 L - -- - - ----- ------- "-------- F-i .- I-y--- - - -1 - ------- 1 -----

,1
-I-

-1--z - ' =--i - -,-L

- -
r

_t-_- i
- i---"- --- - t -- i-

40, 000

i

4--- f i

- - ----- ----

-
-
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Manganese production through 1925 and reserves in the United States, in gross tons - Continued.

Utah--.------------ ---------- -
Virginia--------------------- ------ 67,300 147,300 67,300 147,300 16,800 36,800
Washington------------------- ------- ------ ------- ------- ----
isconsin--------------1500,000 31,000,000 -------- 1500,000 X1,000,000 --------- 25,000 50,000

Other States 2--------- 4,000 6,000 1100 1,000 5,000 ,000 1,000 1,500 -

G-rand Total-------26,471 ,4 0 0  38,144,400 4,789,600 6,024,600 31,261,000 44,169,000 1,885,250 2,815,400 1,913,300 2,604,150

Chemical ore---------- ----------- --- ----- ------- -----------. -----.. .-----

Metallurgical ore---126,471,400 38,144,400 4,789,600 6,024,600 31,?61,000 44,i69,000 1,885,250 2,815,400 1,913,300 2,604,150

2 "Other States" under high-grade production are Massachusetts, Missouri, North Carolina, Oklahoma, Pennsylvania, South Carolina, South Dakota,
Texas, Vermont, West Virginia, and Wyoming; under low-grade production are Mississippi, North Carolina, South Carolina, Texas, and Vermont;
under reserves of ferro grade are Idaho, Maryland, New Jersey, North Carolina, Oklahoma, Texas, and Wyoming; and under reserves of spiegel and
pig iron grade are Idaho, Mississippi, and Oklahoma.

1 Reserves same as previously reported to be on hand. Since 1922 there have been shipped 935,000 gross tons of ore containing from 5.27 to 6.5
per cent of manganese. The estimated reserves for Wisconsin did not include material containing slightly in excess of 5 per cent manganese
and consequently have not been revised by the shipment of 935,000 tons.
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Manganese production and costs during gwar period (1917-18)

(-m- iled in 192' by J. W Furness. o the Bureau of Mines

State

Alabama-------
Arkansas------
Georgia------
Tennessee---
Virginia------
Ari zona------

Nevada ----
New Mexico----
Utah-----
Colorado------
Mont ana-----
California----
Minneso ta----
New Jersey----

United States-I

Production (gross tons), exclu-
rit of fl ii rP

ber of
depos-

its, pro
ducers,

and
ship-
pers

7
36
29
24
44
42
29
23
14
35
29
81
16

1

)420

35+ per
cent

973
17,871
10, 293
6,158

23,288
32, 414
23, 322
5,729

,29 5

261, 041

38, 263

2435, 220

5 to 35
per cent,

443
18, 273
24,057
2,441

47,172
4,026

258
48,732

36
203, 452

1, 568
220

1,311,8591

1, 739,123

ber of
depos-

its
pro-

ducing
less
than

50 tons

4
15

0

8

10
12

6-
4
3

16
29

1

120

Data based on War Minerals Relief Commission claims

ber of
claims
filed

4
99
27

260

23
18
16
20
48
88
13

I -

461

Production

35+ !5to 35
per per cent
cent

10,176
6,449
4,896

12,864
10,729
13,053

1,577
9,677

500
50, 216,

19, 502
- --

22, 571

39, 006

204,905

142,135, 266,482

Claimants 1

total
investment

$176,5j6.791
1,059,499.461

562,404.98
642,391.33!

3,066,733.54
742,362.43
223,051.68

332, 756. 63!
35,742.19

30,4L 4-31
1, 5 9 ,9 -.35

721, 788.911
2, 317,119.5

12,197,742. 25

Num-
ber ofc
awards
made l

1
50
20
15
25

8
3

11
13
12
35
34
12

239

Number
of tons
pro-
d-uced

2,496
3,142
5,829
2,186
9,871
1,892

59s,
?1, 183

6,759
-20, 231

23,102
11 449
47, 653

Total
amount of

awards

$4,909.61
148,133.63

235,450.60
54,953.51

343,222.62
69,368.94
5,841.62

55, 270.99
39 ,0199.98
56,214-79
81,408.20

156,757.95
1,135, 56o. 03

Cost
per
ton

Amount
received
per ton

Capital
in

vested
per ton

_________________ I 1 4

$57.00
6g. 00
78.00
51.00
58.00
56.00
32.00
52.00
24.00
12.00
18.00
31.00
30.00

$27.30
32.10
38.00
24.60
24.20
20.40
22.80
23.00
20. 50
9.80

15.80
18. 40

5. 4o

$71.00
335.00
96.8go
293.00

305.20
180.00
374.00
130.00c

53.00
16. 70f
62. 20
62.0
48. 5c

________________ .4

66 -
_________________________________ __________- __________ JI __________ ***...~......______________________L___________L__________---------I-.--I.

This tonnage
Also 20,000t

5 to 35 perch
5 to 20 perc

includes
tons of 5
cent.
cent.

a portion from Georgia and No
to 35' per cent.

rth Carolina.

Includes 10 shippers from States named in footnotes 6 and 7.
Includes

Includes
Includes

1,692 tons from New Jersey, North Carolina, Oregon, South Carolina, South Dakota, Texas, and Wyoming.

76,586 tons from Michigan, North Carolina, South Carolina, Texas, and Wyoming.

1 shipper from South Dakota.

- 18 -

1
2
3

7
8

Pro-
duction
cost
per ton

$60.oo
90.00
68.00
70.00
90.00
50.00
50.00
35.00
53.00
15.00
50.00
40.00
8.00

136, 390|2, 516,111.1
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A study of the table showing domestic production and reserves, also
table showing production and cost of production during the War period, indicates
the position of the domestic production in reference to consumption. In addition
to the reserves shown on the table above mentioned, there are. large but unknown
tonnages of material containing 20 per cent metallic manganese situated in the
Butte District, Montana, and the Olympic Mountain District of Washington. In
the Butte District, dikes occur composed largely of a mixture of rhodochrosite
and rhodonite. In the Olympic Mountains the silicate of manganese, bementite,
mixed with gangue material is found over a large area indicating that the re-
serves may be measured in hundreds of thousands of tons. The beneficiation of
these ores, as well as the rendering of the manganese contained in the mangani-
ferous and ferruginous manganese ores of this country constitute the only source
from which domestic manganese may be produced in sufficient quantities to
materially meet trade demand.

Tariffs

Broadly speaking, foreign countries admit manganese free of duty. The
royalty charged the concessionaires by the Soviet Government of Russia may be
considered as an.export duty. In India the export duty is indirect; it takes
the form of a royalty leviable on the base metal and is 2.5 per cent on the sales
value at the pit mouth or on the surface of the dressed ore or metal convertible
at the option of the local government to an equivalent charge per ton to be
fixed annually for a term. The Gold Coast Government collects a port duty of 2
shillings per ton. The Brazilian Government imposes an export tax of $2.70 per
ton on high-grade ore and in addition the provinces levy a tax which brings the
total export tax up to an average of $5.00 per ton. In the United States, prior
to September 1922, there were no enactments that applied to either the domestic
production or the importation of manganese ore. Under the enactment of 1922,
a duty of 1 cent per pound on the metallic content when the tenor of the ore
exceeds 30 per cent was imposed (Cuba production excepted). On ferromanganese a
duty of 1-7/8 cents was imposed upon the metallic manganese content. As an
example, the duty on a 50 per cent manganese ore (1120 pounds-of manganese, at
1 cent a pound) would be $11.20. Ferromanganese calls for 80 per cent metallic
manganese, or 1,792 pounds; this multiplied by 1-7/8 cents makes a total duty
of $33.60.

Marketing
Ores of manganese are classified according to their manganese content,

a fact that helps to indicate the uses to which they may be put. Materials con-
taining more. than 35 per cent of. manganese are known as manganese ores; materials
containing 10 to 35 per cent manganese are known as ferruginous manganese ores;
and. materials containing 5 to 10 per cent manganese are known as manganiferous
iron ores. Chemical ores are an exception to what has been said, and their
value is based upon their content of available oxygen.

Manganese ores are valued on the basis of so much for each unit (1 per
cent) of metallic manganese contained, and with minor exceptions the unit of
weight for all merchantable ore is the long ton of 2,240 pounds. Consequently,
in the long ton a unit is 22.4 pounds, and in a short ton is 20 pounds.
Ferruginous manganese ore and manganiferous iron ore may be handled on the unit
basis, but as a rule the manganiferous iron ores are sold on the metallic content,
that is, iron plus manganese, based upon the current price of iron ore. Prices
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for chemical ores are based upon a dioxide content of 60. per cent, with premium
for higher, and penalties, for lower content. Prices for foreign manganese ores
are quoted as follows: So much per unit of manganese, c.i.f. (cargo, insurance
and freight paid) port.of destination; f.o.b. (freight on board) mine or tide-
water; or f.a.s.. (freight aboard ship).

Selected References on Manganese

Fermor, .L., India Geological Survey Memoirs, vol. 37-1-2-3, 37-4, 1909.
Harder, E. C., Manganese deposits of United States: U. S. Geol. Survey, Bull.
427, 1910. Penrose, R. A. F., Manganese, Arkansas Geological Survey, Annual
Report for 1910, vol. 1. Curtis, A. H., Manganese ores, Imperial Institute
Monograph, 1919.

The following is a partial buyers' directory:

MANGANESE ALLOYS

The Ajax Metal Co. , Philadelphia;,Pa.
American Boron Products Co., Reading, Pa.
S. Birkenstein & Sons, Inc., 1054 W. North Ave., Chicago, Ill.
Debevoise-Anderson Co., 114 Liberty St., N. Y..
Everitt & Co., Ltd., 40 Chapel St., Liverpool, Eng.
Federated Metals Corp., 233 Broadway, N. Y.
C. W. Leavitt & Co., 30 Church St., N. Y.
Metal & Thermit Corp., 120 Broadway, N. Y.
More-Jones Brass & Metal Co., St. Louis, Mo.
Niagara Falls Smelt. & Refg. Corp., Buffalo, N. Y.
Ralph Metals Corp., 4601 Woolworth Bldg., N. Y.
Frank Samuel & Co. , Philadelphia, Pa.
Walter-Wallingford & Co., Cincinnati, 0..

MANGANESE ORE

The American Metal Co., Ltd.., 61 Broadwa, N. Y.
A. C. Daft, Pittsburgh, Pa.
Debovoise-Anderson Co., 114 Liberty St., .IT. Y.
Everitt & Co., Ltd., 40 Chapel St.,.Liverpool, Eng.
Chas. Gitlan, 35 Nassau St., N. Y.
H. Hollesen, Inc., 17 Battery Place, N. Y.
Int'l Minerals & Metals Corp., 61 Broadway, N. Y.
C. W. Leavitt & Co., 30 Church St., N. Y.
Metal & Thermit Corp. , 120 Broadway, N. Y.
Mitsui & Co., Ltd.., 65 Broadway, N. Y.
Park & Williams, Inc., Philadelphia, Pa.
Clement K. Quinn & Co., Duluth, Minn.
Ralph Metals Corp., 4601 Woolworth Bldg.., N. Y.
Frank Samuel & Co., Philadelphia, Pa.
C. Tennant Sons & Co. of New York, 19 West 44th St., N. Y.
Wah Chang Trading Corp., Woolworth Bldg., N. Y.
Watson, Geach & Co., Inc., 56 Pine St., N. Y.
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NAIGMIOUS ORES

Debevoise--Anderson Co., 114 Liberty St., N. Y.
Everitt & Co., Ltd., 40 chapel St., Liverpool, Eng.
H. Hollesen, Inc., 17 Battery Place, N. Y.
Park & Williams, Inc., Philadelphia, Pa.
Clement K. Quinn & Co. , Duluth, Minn.
Frank Samuel & Co. , Philadelphia, Pa.
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